Introduction: The aim of this study was to analyse hospital mortality with regards to the presence of diabetes, elevation of C-reactive protein (CRP) levels and impaired kidney function (IKF) on admission. Methods: All patients in the Munich Myocardial Infarction Registry (1999)(2000)(2001)(2002)(2003)(2004), n = 2,015) were assessed. In both the diabetic (n = 770, 38%) and non-diabetic (n = 1,245, 61.2%) groups, CRP and kidney function on admission were analysed with regards to hospital outcome. Results: In diabetic patients, both a CRP level >7 mg/L and a glomerular filtration rate (GFR) < 60 ml/min were independent risk factors for mortality (odds ratio [OR] 3.5, 95% confidence interval [CI] 1.8-6.9 and OR 4.4, 95% CI 2.4-8.3, respectively). In non-diabetic patients with CRP levels equal or below the median and absence of IKF, hospital mortality was 0.7% whereas the presence of the triad of diabetes, CRP levels above the median and IKF increased hospital mortality to 23.5%. Conclusion: The registry demonstrates that the presence of the triad of diabetes, elevated CRP levels and reduced GFR on admission is associated with an excessive hospital mortality. Optimised early interventions are to be initiated to potentially overcome the unfavourable prognosis.
Introduction
Diabetes mellitus is associated with a high risk 1-3 for atherosclerosis and coronary artery disease. 4 Mortality of diabetic patients after an acute myocardial event is substantially enhanced compared with patients without diabetes. 5 A twoto three-fold higher in-hospital mortality has been reported in diabetic patients. 6, 7 In diabetic patients, a cardiac mortality of 20% over 7 years has been reported, which is comparable with that of non-diabetic patients after myocardial infarction. 8 Furthermore, cardiovascular mortality in diabetic patients with acute myocardial infarction (AMI) has been observed to be 45% over a time period of 7 years. 8 Low-grade chronic inflammation of the vascular structure and the endothelial cells is related with the occurrence of atherosclerosis. [9] [10] [11] [12] C-reactive protein (CRP) is a marker for inflammation and is enhanced in atherosclerosis and coronary artery disease. [13] [14] [15] It has also been shown that CRP plasma levels above a cut-off of 3 mg/L, as assessed (UKPDS) demonstrated that elevated creatinine levels are a risk factor for cardiovascular complications. 2, 23 The aim of the present study was to analyse hospital mortality in the Munich Myocardial Infarction Registry with regards to the presence of diabetes, elevation of CRP levels and creatinine levels on admission, and to compare the results between diabetic and non-diabetic patients.
Methods
The data of the Munich Myocardial Infarction Registry (1999) (2000) (2001) (2002) (2003) (2004) was analysed with regards to hospital mortality. All patients (n = 2,015) who were admitted to the hospital with the diagnosis of an AMI were included: 49 patients who presented with incomplete data or in whom a myocardial infarction was not confirmed were not enrolled; 770 patients (38.2%) were classified as diabetic patients and 1,245 patients (61.8%) were classified as non-diabetic patients.
Diagnosis of diabetes in the registry was based on the following criteria: the presence of diabetes mellitus was defined if the patient had been informed of this diagnosis or was on prescribed antidiabetic treatment (diet, tablets, or insulin). Patients without the diagnosis but with a blood glucose of ≥11,1 mmol/L (hexokinase reaction) were also classified as having diabetes mellitus. 24 AMI was diagnosed in the presence of at least two of the following criteria: 25 persistent angina pectoris for ≥20 minutes, ST segment elevation in at least two continuous standard leads of ≥1 mm and of ≥2 mm in precordial leads respectively, and elevation of serum creatine kinase (CK) above the normal range of 70 U/L or an elevation of Troponin I or T. Patients were classified according to the recommendations of the European Society of Cardiology (ESC) and the American College of Cardiology (ACC). 26 Patients with AMI were treated according to the guidelines of the ACC and the American Heart Association. 27 Early percutaneous transluminal coronary angioplasty (PTCA) was defined as performing PTCA within 6 hours of admission. Treatment of diabetes with insulin was performed as described previously. 24 Patients with a renal impairment were defined as patients with a creatinine level of ≥105,6 mmol/L on admission or with a previously known impairment of kidney function.
Discharge from the intensive care unit was determined by the decline of serum CK to the near-normal range and was succeeded by admittance to the general ward of the Department of Cardiology.
Estimated glomerular filtration rate (eGFR) was assessed with the Cockroft-Gault formula. 24 GFR was grouped according to the following cut-points: GFR ≥90 ml/min, GFR 50-89 ml/min, GFR <60 ml/min. Plasma glucose, glycated haemoglobin (HbA1c, normal range < 6.2%), CK, electrolytes, blood count, lipids, CRP and creatinine were analysed on admission. CRP was analysed with high-sensitivity immunoassays. Hypertension was defined according to World Health Organization (WHO) criteria, which include multiple measurements of blood pressure of ≥140/90 mmHg. 28 History of hypertension or being treated with anti-hypertensive medications was also considered as prevalent hypertension. The history of peripheral artery disease was assessed in all patients.
Resuscitation was defined as a cardiopulmonary resuscitation, which included cardiac massage, use of a heart defibrillator and/or artificial respiration.
If not otherwise specified, results are reported as mean ± standard deviation (SD). Group comparisons were performed by Mann-Whitney U-test for continuous variables and chi-squared test for categorical variables. Multivariate analysis was performed to identify the influence of clinical variables. Crude odds ratios (ORs) and confidence intervals (CIs) were calculated. They were adjusted for age, sex and clinical variables (adjusted ORs). The statistical analyses were performed with the SAS 12.0.1 software program.
Results
Clinical characteristics on admission and laboratory values of the entire group of patients with AMI (n = 2,015) who were admitted between 1999 and 2004 are displayed in Table 1 . In the entire group of patients with a myocardial infarction, the mean CRP levels were 30.4 ± 57.1 mg/L with a median CRP level of 7 mg/L. The mean creatinine levels were 105 ± 70 mmol/L; 432 patients (33%) presented with a creatinine level of >1.2 mg/dL.
In the entire group of patients, 117 patients (6%) died within the first 24 hours after admission. Subsequent hospital mortality was 10% (n = 205). This resulted in a total hospital mortality of 16% (n = 322).
A total of 770 patients presented with diabetes (38%) and 1,245 patients were classified as non-diabetic patients (62%). On admission, diabetic patients were older, morefrequently female and less-frequently smokers than nondiabetic patients ( Table 1 ). The body mass index (BMI) and the heart rate were higher in diabetic patients compared with non-diabetic patients. Diabetic patients presented with higher HbA1c, blood glucose, creatinine levels, CRP values and lower GFR on admission as compared with the non-diabetic group (Table 1) . CK and peak CK did not differ significantly different between the two groups.
History of coronary artery disease and symptoms of myocardial infarction were different between diabetic and non-diabetic patients: 321 diabetic patients (n = 43%) presented with previously known coronary artery disease compared with 330 non-diabetic patients (27%; p < 0.001); 517 diabetic patients (68%) reported chest pain compared with 1,024 non-diabetic patients (83.3%, p < 0.001).
Mortality rates were higher in diabetic patients than in non-diabetic patients. In diabetic patients, total hospital mortality was increased more than two-fold compared with non-diabetic patients (24%, n = 182 versus 11%, n = 140; p < 0.001). Hospital mortality within 24 hours of admission was doubled in diabetic patients compared with nondiabetic patients (8%, n = 65 versus 4%, n = 117; p < 0.001).
CRP levels on admission differed between diabetic patients who died in the hospital compared with those who survived: 53.3 ± 73 mg/L versus 32.7 ± 59.3 mg/L (p = 0.001). In diabetic patients, a CRP level of >7 mg/L was an independent risk factor for mortality (corrected for age, sex, BMI, smoking; OR 3.5, 95% CI 1.8-6.9). Diabetic patients who died in the hospital presented with higher creatinine levels on admission compared with those who survived (167 ± 123 mmol/L versus 114 ± 53 mmol/L; p < 0.001). In diabetic patients, a GFR level <60 ml/min was an independent risk factor for mortality (corrected for age, sex, BMI, smoking; OR 4.4, 95% CI 2.4-8.3).
In non-diabetic patients, a CRP level of >7 mg/L did not present an independent risk factor for mortality (corrected for age, sex, BMI, smoking; OR 1.4, 95% CI 0.7-2.6). In the group, creatinine levels were respectively 141 ± 88 mmol/L versus 97 ± 53 mmol/L (p < 0.001). In non-diabetic patients, a GFR level <60 ml/min was an independent risk factor for mortality (corrected for age, sex, BMI, smoking; OR 3.9, 95% CI 2.0-7.6). Unadjusted and adjusted ORs of mortality rates of diabetic and non-diabetic subjects are presented in Table 2 .
In diabetic and non-diabetic patients, mortality rates with regards to GFR were as follows: GFR ≥90 ml/min 5.6% versus 1.6% (p = 0.01), GFR 60-89 ml/min 7.5% versus 4.1% (ns), GFR <60 ml/min 19.7% versus 13.2% (p < 0.05). Figure 1 displays the risks for hospital mortality with regards to the presence of diabetes, CRP level >7 mg/L on admission and the presence of impaired kidney function (IKF; defined as GFR <60 ml/min): in patients with CRP levels equal or below the median, absence of diabetes and IKF, hospital mortality was 0.7% whereas in patients with CRP levels above the median, presence of diabetes and IKF, hospital mortality increased significantly to 23.5% (p < 0.001).
Discussion
The study of the Munich Myocardial Infarction Registry (1999) (2000) (2001) (2002) (2003) (2004) demonstrates that the triad of diabetes, increase in CRP levels on admission and IKF on admission is associated with a significant deterioration of hospital outcome in patients with myocardial infarction. The presence of the triad was accompanied by a highly increased hospital mortality compared with the absence of the triad (0.7% versus 23.5%). More than one-third of the patients Munich Myocardial Infarction Registry presented with diabetes on admission. The two-fold increase in hospital mortality in diabetic patients with AMI compared with non-diabetic patients confirms previous results of the Monica Registries of both Finland and Germany. 5, 29 The Munich Myocardial Infarction Registry, which investigates patients with troponin-positive myocardial infarction with and without ST elevation, emphasizes the importance of CRP levels on admission with regards to hospital outcome of diabetic and non-diabetic patients. 30 The previously defined cut-off of 7 mg/L for CRP on admission was confirmed for patients with AMI. 30 Our study demonstrates that the presence of diabetes in patients without elevated CRP or creatinine levels on admission increases the hospital mortality from 0.7% to 6.2%. The presence of an elevated CRP in non-diabetic patients increased hospital mortality to a comparable extent (6.0%). Compared with the non-diabetic group, elevated CRP levels did not translate into a higher mortality in diabetic patients (5.3%).
The standard cut-off for CRP had been reported to be 5 mg/L. 15 The use of this cut-off level, however, does not incorporate the overall CRP elevation in AMI, which is to occur as a result of the acute event. 31, 32 Higher cut-offs had been suggested in other studies, which, however, only included 147 and 250 patients. 33, 34 IKF had a stronger impact on hospital mortality (nondiabetic patients 9.8%, diabetic patients 12.8%). Diabetic patients with both elevated CRP levels and IKF presented with the highest mortality (23.5%).
The data supports the view that IKF is a key risk factor for cardiac complications. 2 Previously it has been reported that an increase in creatinine levels of 8.8 mmol/L is associated with an increase in risk for mortality of 36% and an increase in risk for atherosclerosis to 47%. 35 The UKPDS also confirmed that creatinine is an independent risk factor for cardiovascular events in diabetes. 23 The Munich Myocardial Infarction Registry demonstrates that the assessment of the triad of diabetes, elevated CRP and IKF on admission enables the identification of patients with an excessive risk of hospital mortality. Nearly one-quarter of the patients, who presented with the triad died in the hospital. There is evidence that each of the three factors contributes to the adverse outcome in the patients, whereas the presence of IKF predominantly affects the hospital outcome. In patients with AMI, who present with the triad of diabetes, signs of inflammation and IKF, and intensified treatment approaches are required to overcome their unfavourable prognosis.
